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Abstract
Anti-nutritional factors such as lectins, saponin, trypsin inhibitor and phytic acid are endogenous substances in the common bean (Phaseolus
vulgaris L.). In this study, the contents or activities of these anti-nutritional factors in fresh pods were detected in 56 selected cultivars. The results
revealed significant difference within each factor in the tested cultivar population. The mean value of lectin content and the activity of trypsin
inhibitor were 1.743 mg · g−1 and 1.680 mg · g−1 respectively. Their coefficients of variation (CV) were both more than 100% and each of the cul-
tivar frequency distribution curve showed a main peak, but the discontinuous distributions in the extremely high and low areas indicate hierarchic
cultivars. However, the mean contents of saponin and phytic acid were 3.730 mg · g−1 and 3.102 mg · g−1, respectively, with CV less than 41%.
Each showed a main peak in its normal distribution curve and low frequency continuous distribution in dual tails. Meanwhile, statistic analysis
demonstrated a positive correlation between the lectin content and trypsin inhibitor activity in fresh pods. Furthermore, all 56 tested cultivars
were clustered into three groups based on their four anti-nutritional factor levels: 80% of them into medium level group, and 12% of them into
low level group. The endogenous edible toxic compounds, such as lectin and trypsin inhibitor, are closely related to insect resistance in the field.
This study suggests that it is possible to screen the cultivars containing less lectin and other factors but with reduced pest resistance in the field.
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1. Introduction
Common bean (Phaseolus vulgaris L.) can be classified into
snap bean (P. var. chinensis Hort.) and kidney bean. As one of
the important crops worldwide, common bean is a kind of nu-
tritious food that is low in fat, high in protein and rich in minerals
and multiplex vitamins. However, due to its endogenous toxins,
intoxication accidents still happen, even though the toxins are
deactivated by high-temperature in cooking process (Zhang et al.,
2010). The toxins can cause neurological symptoms such as limb
numbness, headache, chest tightness, and even severe coma, mul-
tiple organ damage or sudden death (Li et al., 1998).
Studies have shown that special chemical ingredients of
common bean are anti-nutritional factors, such as phytic acid
(O’Deli and Savage, 1960), lectins (Weder et al., 1997;
Vasconcelos and Oliveira, 2004), trypsin inhibitor (Angela and
Domenico, 2003), saponin (Yao et al., 2006), etc. These factors
are the main substances of the endogenous toxins in common
bean, but their levels and genetic variations in germplasm have
seldom been reported. Only a few studies were conducted in
analysis of a small number of indicators in several cultivars (Lou
and Wang, 2008; Li and Zhang, 2009). Scientific approach for
detoxification of common bean germplasm should be exten-
sively performed to eliminate cases of food poisoning due to its
consumption.
In this study, the contents or activities of lectin, saponin, trypsin
inhibitor and phytic acid in fresh pods of 56 selected common
bean cultivars were detected, and their population level distri-
bution and genetic variation provide a unique metric to screen
for low or non-toxic common bean cultivars. It can also help breed
new cultivars with no endogenous toxins to promote food safety.
2. Materials and methods
2.1. Plant material
The comparative test of common bean germplasm resources
was carried out in the spring of 2012 and 2013, respectively, at
the experimental plot of Hubei Province Engineering Research
Center for Legume Plants, Jianghan University (Yongan Town,
Caidian District,Wuhan City, Hubei Province, latitude of 30°30′N
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and longitude of 113°47′E). A total of 56 cultivars of edible pods
were used in this experiment (Table 1).
2.2. Sample preparation
The soil fertility in the experimental plot was uniform, and
common bean was sowed annually on 23rd March by the plastic
film mulching. Randomized block design with three replica-
tions was conducted. The length and width of each plot was
10 m × 1.6 m, respectively, and planting seedlings at the spacing
of 0.25 m × 0.85 m. Cultivation management was in accor-
dance with local conventional techniques. Agronomic traits, such
as flowering and fruiting, were observed since 1st May. In
each plot, some fresh pods of 15 days after flowering were
Table 1 Sources and main characteristics of 56 cultivars of common bean
Accession Name Source Characteristics
1 Xinshuangqingwang snap bean Jixian, Tianjin Early maturity, trailing, green pod
2 Baizi snap bean Nanning, Guangxi Medium maturity, trailing, green pod
3 Chunqiu Dazipao Liaoyang, Liaoning Medium maturity, trailing, purple pod
4 97-5 Jiadouwang Liaoyang, Liaoning Early maturity, trailing, green pod
5 Jinlongwang Xinji, Hebei Early maturity, trailing, green pod
6 Kangre Jiadou Shijiazhuang, Hebei Early maturity, trailing, white pod
7 Honghua snap bean Wuhan, Hubei Medium maturity, trailing, light green pod
8 Baibulao Yangyuan, Hebei Early maturity, trailing, white pod
9 Jiulibai Wuhan, Hubei Early maturity, trailing, white pod
10 Jingdian Baifengwang Huairou, Beijing Early maturity, trailing, light green pod
11 Jinshulu 97-5 Xinji, Hebei Early maturity, trailing, light green pod
12 Jingxuan 97-5 Liaoyang, Liaoning Early maturity, trailing, light green pod
13 Lüningbaiyun Jinzhou, Liaoning Early maturity, trailing, white pod
14 Thailand Jiangdouwang 1 Wuhan, Hubei Early maturity, trailing, green pod
15 Jiulihong Shenyang, Liaoning Medium maturity, trailing, purple pod
16 Chaoji Baidajia Liaoyang, Liaoning Medium maturity, trailing, white pod
17 Teji Shilichang Liaoyang, Liaoning Early maturity, trailing, purple pod
18 WS5 Wuhan, Hubei Medium maturity, trailing, light green pod
19 WS11 Wuhan, Hubei Medium maturity, trailing, light green pod
20 WS20 Wuhan, Hubei Medium maturity, trailing, white pod
21 WS21 Wuhan, Hubei Medium maturity, trailing, light green pod
22 WS22 Wuhan, Hubei Medium maturity, trailing, light green pod
23 WS23 Wuhan, Hubei Medium maturity, trailing, white pod
24 WS24 Wuhan, Hubei Medium maturity, trailing, purple pod
25 WS25 Wuhan, Hubei Medium maturity, trailing, white pod
26 Gailiang Jiulibai Wuhan, Hubei Medium maturity, trailing, white pod
27 Chunqiu Wujia snap bean Wuhan, Hubei Medium maturity, erection, green pod
28 Xinxuan Lülong Jiadou Wuhan, Hubei Medium maturity, trailing, green pod
29 Yuanzhong Didouwang Wuhan, Hubei Medium maturity, erection, white pod
30 Thailand Jiadouwang 2 Wuhan, Hubei Medium maturity, trailing, green pod
31 Jiadouwang 6 Wuhan, Hubei Medium maturity, trailing, green pod
32 Garden Bean Gold Rush America Early maturity, erection, light green pod
33 Garden Bean Blue Lake 274 America Early maturity, erection, light green pod
34 Garden Bean Blue Lake Stringless America Late maturity, trailing, green pod
35 Garden Bean Improved Tendergreen America Early maturity, erection, light green pod
36 Garden Bean Kentucky Wonder America Late maturity, trailing, green pod
37 Bean State Half Runner America Early maturity, trailing, green pod
38 Bean White Rice America Medium maturity, erection, light green pod
39 Bean Mayflower America Late maturity, trailing, light green pod
40 Bean Saint Esprit a Oeil Rouge America Medium maturity, erection, light green pod
41 Bean Contender America Medium maturity, erection, light green pod
42 Bean Royalty Purple Pods America Medium maturity, erection, purple pod
43 Cobra England Medium maturity, erection, light green pod
44 Cobra America Medium maturity, erection, light green pod
45 97-5 Jiadou Wuhan, Hubei Late maturity, trailing, green pod
46 923 Shenyang, Liaoning Late maturity, trailing, light green pod
47 Dazipao Shenyang, Liaoning Medium maturity, trailing, green pod
48 Baizi snap bean Shenyang, Liaoning Early maturity, trailing, light green pod
49 Honghua snap bean Shenyang, Liaoning Early maturity, trailing, light green pod
50 Zijiadouwang Shenyang, Liaoning Early maturity, trailing, purple pod
51 Ziyu Shenyang, Liaoning Early maturity, trailing, purple pod
52 Yundou Shenyang, Liaoning Early maturity, trailing, light green pod
53 Qiangfeng 15 Kunming,Yunnan Medium maturity, trailing, light green pod
54 Thailand Jiangdouwang 3 Kunming,Yunnan Late maturity, trailing, light green pod
55 Thailand Wujindou Kunming,Yunnan Late maturity, trailing, light green pod
56 Honghua snap bean Kunming,Yunnan Early maturity, trailing, light green pod
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hand-picked as one sample. A total of 168 samples were col-
lected to detect contents of lectin, total saponins, phytic acid, and
trypsin inhibitor activity.
2.3. Detection method
2.3.1. Determination of lectin content
Blood erythrocyte (2 × 108 erythrocyte · mL−1) was pre-
pared from drawing rabbit venous blood. Lectin solution (PHA,
0.5 mg · mL−1) was diluted into 8 concentration gradients as the
standard solution. PHA agglutination effect of rabbit red blood
cells was determined by microplate reader, and a standard curve
was drawn. Respectively, easy fresh pods were smashed into ho-
mogenate. Ten grams homogenate was weighted and diluted with
phosphate buffered solution (PBS, 0.075 mol · L−1, pH 7.2) to
10 mL. After the extract liquid was obtained by shaking at 4 °C
for 24 h and centrifuged at 8 000 r · min−1 for 10 min, the su-
pernatant was collected to test absorption value of solution. Lectin
content of each sample was calculated by standard curve. Each
sample was repeated three times.
2.3.2. Determination of total saponin content
Fresh pod homogenate of common bean was extracted with 70%
ethanol for 4 h. After filtering, the ethanol solution was dried by
distillation. Pure water and water saturated butanol (1:3, V/V) was
added to extracts. After shaking for 15 min and standing for 2 h,
the upper solution was obtained as the sample solution. Each sample
was repeated three times. Forty microliter upper solutions with
water saturated butanol were added to microwells of enzyme labeled
plate, and then butanol was dried by distillation. And then 20 μL,
5% vanillin–glacial acetic acid and 80 μL perchloric acid were
added into the microwells. After water bath heating for 15 min
in constant temperature (60 °C) and ice bath for 5 min, 200 μL
glacial acetic acid solutions were added into the microwells, and
the absorbances of samples were measured at 530 nm, 560 nm
and 590 nm wavelengths, respectively. A value was calculated ac-
cording to the equation A = OD560 – 1/2 (OD530 + OD590). The
detection data for drawing standard curve were obtained through
the same experimental procedure with oleanolic acid as stan-
dard (Lou and Wang, 2008; Li and Zhang, 2009).
2.3.3. Determination of trypsin inhibitor activity
Fifty milliliters distilled water was added to 3 g fresh pod ho-
mogenate, and then the mixture was stirred for 30 min and
centrifuged for 10 min. Upper solutionwas filtered using a 50 kDa
ultrafiltration cube for subsequent experiments. Each sample of
fresh pods was repeated three times. For preparation of reserved
liquid, 27.0 mg trypsin was dissolved in CaCl2 solution, and the
volume was fixed to 100 mL.Three milliliters distilled water was
added to blank tubes, and 5 mL benzoyl-L-arginine-p-nitroanilide
(L-BAPA) solutionwas added to standard tubes, water bath heating
for 10min in constant temperature (37 °C), and then 1mL trypsin
liquid reserves was added to the blank tube and standard tube,
respectively, and 2 mL acetic acid solution (5.3 mol · L−1) was
added to blank tube.Two tubes were centrifuged at 8 000 r · min−1
for 10 min, using water as the reference solution, and then the
absorbance of upper solution was measured at 410 nm. The dif-
ference between the standard tube test value and the blank tube
test value (Ar − Abr) should be in the range of 0.380 ± 0.050.
Methods of processing the samples and blank controls for de-
tection were the same as above, but sample solution was added
instead of water for trypsin activity test.
Inhibition percentage of extraction solution: i
(%) = [(Ar − Abr) − (As − Abs)]/(Ar − Abr) × 100. In the formula,
Ar is absorbance of standard solution tube, Abr is absorbance
of blank tube, As is absorbance of sample, and Abs is absor-
bance of sample blank control, respectively.
Trypsin inhibitor activity (TIA) was expressed as mg of in-
hibition trypsin per gram of sample. TIA (mg · g−1) = (AI × V × D)/
(0.019 × m × 1 000). In the formula, AI is variable of absorbance
[AI = (Ar − Abr) − (As − Abs)], V is volume of sample extrac-
tion solution (mL), m is mass of sample (g), 0.019 is absorbance
of 1 μg trypsin at 410 nm, and D is dilution ratio of sample,
respectively.
2.3.4. Determination of phytic acid content
Twenty-fivemilliliters of 100 g · L−1 sodiumsulfate–hydrochloric
acid solution was added to 1.5 g fresh pod homogenate as sample
solution; upper solution was obtained by shaking for 2 h at 25 °C
and centrifuging at 8 000 r · min−1 for 10 min. Each sample of fresh
pods was repeated three times. One milliliter of 30 g · L−1 NaOH
solutionwas added to 15 mL sample solution, and the volumewas
fixed to 30 mLwith distilled water.Then the mixture was purified
on the ion exchange column at the flow rate of 1 mL · min−1 and
eluted by 0.7 mol · L−1 NaCl solution. Finally, the elution solu-
tionwas collected in a test tubeof 25mLfor subsequent experiments.
Sodiumphytate solutionwith concentration 1.4 mg · mL−1was pre-
pared and diluted into 8 concentration gradients as the standard
solution. Reaction solution, 2.5 mL iron trichloride–sulfosalicylic
acid solution (15 g sulfosalicylic acid and 1.5 g FeCl3 was diluted
with distilled water to 500 mL and diluted 10 times before using)
and 2.5 mL distilled water were added in the solution to be mea-
sured, then the solution was mixed again and centrifuged at
3 000 r · min−1 for 10 min. After standing for 20 min, the absor-
bance of mixed solution was measured at 500 nm.
2.4. Statistical analysis method
Microsoft Excel was used as statistical analysis of the data,
and software DPS 7.05 was used for variance, correlation and
cluster analysis. In variance analysis, complete randomized design
was adopted to analyze single factor one by one through Duncan’s
new multiple range method. Among four anti-nutritional factors,
two of them were randomly selected for linear correlation analy-
sis. According to the cultivars and standardized value of the four
indices, the data matrix, which had a total 56 rows and 4 columns,
was established. By using DPS 7.05, the cluster analysis den-
drogram was constructed by cluster analysis done to derivate
square of Euclid distance.
3. Results
3.1. Content detection and analysis of four anti-nutritional factors
in common bean
The levels of four anti-nutritional factors in 56 selected common
bean cultivars harvested in the spring of 2012 and 2013 were
similar to each other. The results of 2013 are shown in Table 2.
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Table 2 The results of four anti-nutritional factors levels of common bean cultivars tested in this study mg · g−1
Accession Content of lectin Content of saponin Activity of trypsin inhibitor Content of phytic acid
1 1.462 ± 0.009 2.623 ± 0.017 2.522 ± 0.027 3.215 ± 0.005
2 1.439 ± 0.001 3.144 ± 0.029 0.709 ± 0.005 2.915 ± 0.007
3 1.706 ± 0.022 3.629 ± 0.029 0.454 ± 0.007 3.067 ± 0.005
4 0.595 ± 0.011 7.449 ± 0.049 1.009 ± 0.002 2.949 ± 0.013
5 1.463 ± 0.009 4.241 ± 0.028 0.103 ± 0.001 2.797 ± 0.012
6 4.361 ± 0.004 3.697 ± 0.113 0.745 ± 0.001 2.789 ± 0.010
7 1.162 ± 0.015 3.023 ± 0.012 1.092 ± 0.002 3.115 ± 0.020
8 0.690 ± 0.066 3.471 ± 0.065 1.863 ± 0.006 3.364 ± 0.014
9 1.096 ± 0.036 5.836 ± 0.047 0.016 ± 0.001 2.941 ± 0.007
10 0.912 ± 0.027 3.367 ± 0.043 0.792 ± 0.028 2.918 ± 0.016
11 0.736 ± 0.012 4.159 ± 0.086 0.463 ± 0.001 3.007 ± 0.019
12 1.637 ± 0.017 6.105 ± 0.100 0.818 ± 0.001 2.952 ± 0.015
13 1.318 ± 0.031 4.448 ± 0.031 0.195 ± 0.004 2.971 ± 0.020
14 1.375 ± 0.009 3.792 ± 0.024 0.055 ± 0.001 3.012 ± 0.007
15 1.460 ± 0.013 4.129 ± 0.063 4.296 ± 0.051 3.714 ± 0.028
16 1.510 ± 0.021 5.231 ± 0.089 0.020 ± 0.00 1 3.039 ± 0.018
17 1.357 ± 0.041 3.948 ± 0.018 1.031 ± 0.009 3.157 ± 0.014
18 1.318 ± 0.050 2.810 ± 0.018 2.895 ± 0.011 3.640 ± 0.002
19 1.280 ± 0.036 4.057 ± 0.087 0.416 ± 0.017 3.023 ± 0.034
20 1.653 ± 0.033 7.856 ± 0.068 0.381 ± 0.002 3.105 ± 0.003
21 1.461 ± 0.006 4.153 ± 0.069 0.355 ± 0.013 2.821 ± 0.014
22 1.770 ± 0.030 3.216 ± 0.022 0.621 ± 0.005 2.876 ± 0.007
23 1.260 ± 0.003 4.913 ± 0.059 0.030 ± 0.00 3 2.918 ± 0.008
24 1.166 ± 0.013 4.041 ± 0.022 1.849 ± 0.012 2.301 ± 0.071
25 1.329 ± 0.002 3.309 ± 0.058 1.025 ± 0.007 2.065 ± 0.018
26 0.515 ± 0.010 3.942 ± 0.069 2.088 ± 0.004 2.690 ± 0.0154
27 1.338 ± 0.010 2.381 ± 0.042 0.783 ± 0.013 2.701 ± 0.007
28 0.921 ± 0.071 6.113 ± 0.085 2.294 ± 0.004 2.913 ± 0.011
29 1.454 ± 0.007 5.239 ± 0.096 2.145 ± 0.020 3.659 ± 0.030
30 1.281 ± 0.013 2.780 ± 0.055 0.199 ± 0.005 2.866 ± 0.020
31 1.279 ± 0.035 3.856 ± 0.105 0.724 ± 0.003 2.869 ± 0.004
32 1.460 ± 0.020 2.293 ± 0.015 1.807 ± 0.012 3.091 ± 0.010
33 4.999 ± 0.003 0.966 ± 0.037 0.646 ± 0.001 2.999 ± 0.005
34 1.653 ± 0.019 2.334 ± 0.016 0.591 ± 0.003 2.800 ± 0.020
35 1.707 ± 0.034 2.028 ± 0.024 0.689 ± 0.001 3.183 ± 0.024
36 1.045 ± 0.007 3.853 ± 0.044 1.011 ± 0.008 3.078 ± 0.010
37 1.540 ± 0.026 2.137 ± 0.050 1.782 ± 0.030 3.231 ± 0.006
38 9.829 ± 0.126 2.032 ± 0.054 2.500 ± 0.008 3.564 ± 0.039
39 1.229 ± 0.004 3.382 ± 0.013 1.537 ± 0.031 3.299 ± 0.016
40 10.850 ± 0.112 2.570 ± 0.043 10.000 ± 0.185 4.039 ± 0.007
41 1.337 ± 0.031 7.059 ± 0.130 7.092 ± 0.026 5.120 ± 0.053
42 1.365 ± 0.004 2.140 ± 0.034 0.331 ± 0.007 2.957 ± 0.009
43 1.736 ± 0.018 2.545 ± 0.046 1.054 ± 0.007 2.918 ± 0.015
44 4.392 ± 0.008 6.965 ± 0.032 15.947 ± 0.164 4.986 ± 0.015
45 0.025 ± 0.003 3.287 ± 0.070 0.336 ± 0.003 2.727 ± 0.041
46 1.465 ± 0.024 5.770 ± 0.039 0.194 ± 0.004 2.941 ± 0.006
47 0.900 ± 0.010 2.314 ± 0.013 1.261 ± 0.012 3.049 ± 0.003
48 1.880 ± 0.044 2.315 ± 0.035 2.925 ± 0.141 3.139 ± 0.032
49 1.372 ± 0.002 3.152 ± 0.057 2.424 ± 0.003 3.275 ± 0.006
50 1.608 ± 0.023 2.454 ± 0.066 0.622 ± 0.003 2.966 ± 0.023
51 0.673 ± 0.027 4.047 ± 0.141 2.974 ± 0.041 3.663 ± 0.010
52 1.078 ± 0.004 4.538 ± 0.035 0.753 ± 0.004 2.918 ± 0.016
53 0.429 ± 0.014 2.075 ± 0.013 1.901 ± 0.020 2.687 ± 0.013
54 0.039 ± 0.002 3.087 ± 0.013 0.362 ± 0.004 2.768 ± 0.007
55 1.718 ± 0.019 2.037 ± 0.062 0.473 ± 0.004 3.065 ± 0.007
56 0.981 ± 0.023 2.526 ± 0.012 2.851 ± 0.011 2.860 ± 0.012
Minimum 0.025 0.966 0.016 2.065
Maximum 10.850 7.856 15.947 5.120
Average 1.743** 3.730** 1.680** 3.102**
CV/% 108.898 40.571 153.752 16.053
Note: ** indicates extremely significant differences among common bean cultivars for one experimental index. The code of accession is the same as that listed in
Table 1.
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Variance analysis revealed significant difference of each factor
in the tested cultivar population that exhibited specificity of
germplasm and diversity among cultivars.
The contents of lectin in the tested common bean cultivar popu-
lation exhibited significant difference with the mean value of
1.743 mg · g−1 and the coefficient of variation of 108.898%
(Table 2). The highest content (10.850 mg · g−1) was No. 40 cul-
tivar from the USA, but the lowest one (0.025 mg · g−1) was 97-5
Jiadou (No. 45) from Wuhan, Hubei Province, China. The cul-
tivar frequency distribution curve based on the lectin content was
discontinuous (Fig. 1, A) in all; even so, a main peak was obvious,
which revealed that 85.71% of total cultivars were focused on
the mean value (0.5–2 mg · g−1) continuously. However, there were
three and two cultivars located at high (4–5 mg · g−1) and ex-
tremely high level area (more than 9.8 mg · g−1) respectively with
a discontinuous distribution. Negatively, three cultivars distrib-
uted discontinuously in the extremely low level area (0.5 mg · g−1).
These results suggested that the normal lectin contents in common
bean cultivar population were 1.743 mg · g−1, but significant dif-
ferences were found among the tested cultivars. Based on the
lectin level, the tested cultivars had four gradients at least. They
can be used not only to breed cultivars with normal level, but
also to breed cultivars with extremely high or low lectin content
in genetic improvement procedures.
The results of saponin content analysis showed a mean value
of 3.730 mg · g−1 and ranging from 0.966 to 7.856 mg · g−1
(Table 2). The cultivar frequency distribution curve was con-
tinuous with a main peak (Fig. 1, B). The 80.35% of the tested
cultivars focused on the content level of 2–5 mg · g−1. There were
ten cultivars distributed in the high level area and one cultivar
in the extremely low level area, respectively.
The activities of trypsin inhibitor in the tested 56 cultivars
demonstrated significant difference with the mean value of
1.680 mg · g−1, ranging from 0.016 to 15.947 mg · g−1 (Table 2).
The cultivar frequency distribution curve based on the trypsin
inhibitor level was discontinuous (Fig. 1, C), though a main peak
displayed, which contained 48 cultivars (85.71% of total culti-
vars), focusing on the level of 0.1–4.0 mg · g−1 and distributed
continuously. Four cultivars localized discontinuously in the high
level area (up to 4.0 mg · g−1) and the other four cultivars in the
extremely low level area (below 0.1 mg · g−1). Therefore, based
on the trypsin inhibitor activity level, the tested 56 cultivars had
six gradients at least.
The mean content value of phytic acid in fresh pods of the
tested 56 cultivars was 3.102 mg · g−1, ranging from 2.065 to
5.120 mg · g−1, and the coefficient of variation was just 16.053%,
which was much lower than that of the other three anti-nutritional
factors. According to the phytic acid level, there was still sig-
nificant difference among the cultivars (Table 2), showing a main
peak (below the mean value) in their normal distribution curve
(Fig. 1, D). The phytic acid contents of 85.71% in the tested cul-
tivars focused on 2.7 to 3.7 mg · g−1 area, and each of the 7.15%
cultivars appeared in dual tails respectively.
3.2. Correlation analysis of anti-nutritional factors
The results of correlation analysis showed that extremely sig-
nificant positive correlation existed between phytic acid and trypsin
inhibitor, lectin and trypsin inhibitor, lectin and phytic acid, re-
spectively. There was significant positive correlation between
phytic acid and saponin. However, there was no significant cor-
relation between saponin and lectin, saponin and trypsin inhibitor,
respectively (Table 3).
Fig. 1 Frequency distribution curve of common bean cultivars based on the levels of four anti-nutritional factors
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3.3. Cluster analysis of the tested common bean cultivars based
on anti-nutritional factor level
Based on the standardization exchanged data of the con-
tents or activity of the anti-nutritional factors, the tested 56
common bean cultivars were clustered (Fig. 2). While Euclid dis-
tance was 10, based on the comparability level of four anti-
nutritional factors, they could be divided into three cultivar groups.
Group I consisted of cultivars coded No. 4, No. 9, No. 12, No.
16, No. 20, No. 23, No. 28 and No. 46. They have low levels
of anti-nutritional factors. They were climbing cultivars of P. vul-
garis L. fromWuhan of Hubei Province or Liaoyang of Liaoning
Province, most of which were medium-early matured with white
pods. Group II cultivar population contained 44 members, in-
cluding cultivars with different maturity character and growth
habit. All of the tested seven cultivars with purple pods were in
this group. Their anti-nutritional factors were in medium level.
There were four cultivars in Group III. They were all collected
from the USA coded No. 38, No. 40, No. 41 and No. 44, re-
spectively. They have high levels of anti-nutritional factors. And
Table 3 Correlation analysis of four anti-nutritional factors
content/activity
Index Lectin Saponin Trypsin inhibitor Phytic acid
Lectin 1
Saponin 0.179 1
Trypsin inhibitor 0.466** 0.206 1
Phytic acid 0.365** 0.290* 0.789** 1
Note: ** or * demonstrates correlated extremely significantly and significantly
between the two indices.
Fig. 2 Cluster analysis of 56 cultivars of common bean based on anti-nutritional factor level
The code of accession is the same as that listed in Table 1.
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they were characterized with mediummaturity, dwarf growth habit
and light green pods.
4. Discussion
China was regarded as the secondary genetic diversity center
of the common bean and more than 4 900 resources were stored
(Wang et al., 2009).The evaluation of thesematerials was focused
on agronomic traits, yielding ability,maturity, resistance and normal
nutritional ingredients, and so were most of the breeding targets.
However, there were few reports focused on the evaluation of
special chemical ingredients and on breeding for low-toxic or
non-toxic cultivars.Double-low rapeseed and lowphytic acidmaize
(Ma et al., 2011) were good examples of non-toxic common bean
breeding, which would help to eliminate the safety hazards of
common bean consumption. Evaluation of anti-nutritional factor
level of common bean materials was the fundamental work for
its non-toxic breeding. To realize this aim, it is important to es-
tablish methods to detect the anti-nutritional factor level with
accuracy, stability and efficiency. Meanwhile, the influencers of
the anti-nutritional factor levels should be studied.
In this paper, 56 typical snap bean cultivars were chosen and
levels of four anti-nutritional factors (Yao et al., 2006), i.e. lectin,
saponin, trypsin inhibitor and phytic acid, were detected. Com-
pared to the hemagglutinationmethod, microplate assaywasmore
efficient (Sun et al., 1986; Li and Zhang, 2009) and quantitative
analysis could be done (Lou and Wang, 2008). Therefore,
microplate assaywas adopted to detect lectin contents.The saponin
contents ofmultiple samples could be determined quickly by three-
wavelength colorimetricmethod, and the instability problemcaused
by vanillin–acetic acid staining can be avoided (Yu, 2006). Based
on the China national standards GB/T21498-2008, the detec-
tion of trypsin inhibitor activity in soybean products 1.0, the activity
of trypsin inhibitor was detected in this research. According to
the molecular weight of trypsin inhibitor ranging from 7 975 to
21 500 Da, filter screens of 3 and 50 kD were used to eliminate
the macromolecule in order to make the research more accurate.
Besides, the contents of phytic acid were detected based on the
method fromChina national standards GB/T5009.153-2003, and
shock extraction time and extraction buffer were improved.
There are many factors that influence the anti-nutritional factor
level. The coagulation activity of common bean pods har-
vested in September was higher than those of which were
harvested in June (Li and Zhang, 2009). The activity of trypsin
inhibitor in common bean was tightly related with seed protein
content, planting year and genotypes (Angela and Domenico,
2003). The contents of secondary metabolites in soybean, potato
and ginseng were shown to be influenced by cultivation condi-
tion (Chang et al., 1980; Yu, 2006; Wang, 2009). Besides, the
phytic acid contents in fruit and seeds were correlated with the
soil phosphorus level (Lott et al., 2000). Our data showed that
the level of four anti-nutritional factors in each one cultivar
changed according to planting year or season during 2012–
2014, but the changing trend of the tested cultivars was similar.
The levels of four anti-nutritional factors in different tissues or
one tissue during different developmental stages were signifi-
cantly different. Lectin mainly existed in plant seeds. However,
homolog of seed lectin was found in leaves, stems, fruit or roots
in leguminous plants (Herman et al., 1988). Many papers showed
that the contents of saponin and trypsin inhibitor in Paeonia
lactiflora (Jian et al., 2010), Platycodon grandiflorum (Du, 2008)
or alfalfa (Gan et al., 2010) were different in different tissues
or one tissue during different developmental stages. The con-
tents of anti-nutritional factors, such as lectin and phytic acid,
were detected from common bean leaves or pods in our lab re-
spectively. The results indicated that the contents were not
correlated with the two tissues, which implied that the contents
in pods can hardly be predicted by the contents in leaves.
Creation of germplasm with low levels of anti-nutritional
factors was the target of vegetable breeders. Plants with high levels
of anti-nutritional factors may be used as biopesticide (Carlini
and Grossi-de-Sá, 2002). Leach liquor of different concentra-
tions of common bean anti-nutritional factors was used to test
the growth suppression to lymphocyte in mice, and a model fore-
casting the toxicity of common bean was established (Li et al.,
2015). The results showed that lectin was the main toxic ingre-
dient and trypsin inhibitor and saponin played a secondary role.
Based on this research, four anti-nutritional factors in 56 common
bean cultivars exhibited germplasm diversity, and extremely low
or extremely high level cultivars were detected. According to the
field observation, the dwarf cultivars of No. 40 and No. 38 col-
lected from the USA showed strong resistance to plant disease
and pests, implying that resistance may be correlated with the
anti-nutritional factors. Meanwhile, the lectin contents were re-
vealed to be significantly positively correlated with the trypsin
inhibitor activity. Therefore, there is a long way to go to breed
cultivars with low lectin level and strong resistance. Further-
more, cultivars with low level anti-nutritional factors need to be
confirmed, and then bred into low-toxic common bean culti-
vars. Cultivars with high level anti-nutritional factors can be used
as a source of biopesticide, which would help us take advan-
tage of the common bean availability.
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